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B
ody mass index (BMI), calculated as weight (in kilograms)/height (in meters, squared), is an anthropometric index that is well-correlated to total body fat content. Despite some contradictory results, 1 population studies have demonstrated Ushaped curves relating BMI to mortality, 2,3 suggesting increased mortality at both extremes of body weight.
Multiple investigators 4 -10 have examined the impact of both low and high BMI on outcomes for patients with specific diseases or patients who have undergone specific procedures. Other studies 11, 12 have examined the relationship of BMI with outcomes in hospitalized patients, but no published study has specifically examined this relationship in a population of patients who have been admitted to an ICU. Despite a wealth of clinically and scientifically applicable severity-of-illness scoring systems, none of the scores commonly used in critical care research have incorporated anthropometric measurements in their predictive algorithms, and, to our knowledge, no anthropometric measurements were evaluated during the initial development of these scoring systems. [13] [14] [15] [16] We sought to examine the impact of BMI on in-hospital mortality, functional status at time of ICU discharge, and length of stay (LOS) following ICU admission in a large population of critically ill patients. Our hypothesis was that adverse outcomes would be observed in patients who were below and above the normal range of BMI.
Materials and Methods
All data were obtained from a large, multiinstitutional, critical care patient data set (Project Impact Critical Care Data System; Society of Critical Care Medicine; Des Plaines, IL [see http:// www.projectimpacticu.cc for project details]). The database was queried on March 28, 2000, following the approval of the study protocol by the Project Impact Research Committee. Specifically, data on age, height, ICU admission weight, gender, type of ICU admission (ie, medical, elective surgical, or emergent surgical), ICU and hospital LOS, mortality prediction model at time 0 (MPM-0), and simplified acute physiologic score (SAPS) II scores and status at hospital discharge (ie, independent, dependant, or dead) were requested. No data allowing identification of individual patients, hospital, or physician were supplied.
Data for the database were collected prospectively by dedicated data coordinators at each of the participating sites from patient charts. Hospital admission weight and height were recorded from actual measurements or, when not available, from the best clinical estimate of patient care providers.
BMI index was calculated from the available height and weight data. Table 1 .
Survival Data
The survival data as analyzed by quartiles of severity scores for each BMI group are summarized in Figure 1 . The following odds ratios (ORs) for Logistic regression revealed that age (SAPS-II group only), gender, SAPS-II/MPM-0 scores, and type of admission all predicted mortality. The AUCs were 0.865 (95% CI, 0.860 to 0.870) and 0.831 (95% CI, 0.825 to 0.836), respectively, the H-L statistics were 31.9 (p ϭ 0.0001) and 69.9 (p Ͻ 0.0001), respectively, and the model 2 tests were p Ͻ 0.0001 and p Ͻ 0.0001, respectively, for the SAPS-II and MPM-0 equations. The impact of membership in the various BMI groups is listed in Table 2 . The underweight groups in both the MPM-0 and SAPS-II cohorts had increased mortality, while the overweight group had decreased mortality in the MPM-0 group only.
LOS
LOS data as analyzed by quartiles of severity score in survivors are summarized in Figure 2 . The following comparisons reached statistical significance.
ICU LOS was increased in the overweight, obese, and severely obese groups in the first quartiles of SAPS-II and MPM-0 scores, in the obese group in the second quartile of MPM-0 scores, and in the severely obese group in the second and third quartiles of SAPS-II scores and in the second and fourth quartiles of MPM-0 scores.
Hospital LOS was increased in the overweight, obese, and severely obese groups in the first quartiles of SAPS-II and MPM-0 scores, in the underweight and severely obese groups in the second MPM-0 quartile and the third SAPS-II quartile, in the underweight group of the fourth MPM-0 quartile, and in the severely obese group in the second and fourth SAPS-II quartiles.
Cox regression analysis including the entire groups (censoring at the time of death) and controlling for age, gender, type of admission, and severity score revealed ORs for ICU discharge in the SAPS-II and MPM-0 groups of 0.96 (95% CI, 0.93 to 0.999) and 0.94 (95% CI, 0.90 to 0.97), respectively, for the underweight group, 0.96 (95% CI, 0.93 to 0.995) and not significant, respectively, for the obese group, and 0.81 (95% CI, 0.77 to 0.86) and 0.84 (95% CI, 0.80 to 0.90), respectively, for the severely obese group. For hospital discharge, the ORs were 0.91 (95% CI, 0.88 to 0.95) and 0.90 (95% CI, 0.87 to 0.93), respectively, for the underweight group, 0.96 (95% CI, 0.93 to 0.995) and not significant, respectively, for the obese group, and 0.83 (95% CI, 0.79 to 0.88) and 0.87 (95% CI, 0.83 to 0.92), respectively, for severely obese. 
Functional Status in Survivors at Hospital Discharge
Functional status data were analyzed by quartiles of severity score. There were no differences in the risk of being at the partially or totally dependant functional level on hospital discharge in the SAPS-II group. In the MPM-0 group, the underweight group had an increased risk of dependence in the second and fourth quartiles, while the obese and severely obese group showed decreased risk in the third quartile only.
Logistic regression revealed that age (SAPS-II group only), gender, SAPS-II/MPM-0 scores, and type of admission all predicted disability. The AUCs were 0.684 (95% CI, 0.678 to 0.691) and 0.655 (95% CI, 0.649 to 0.462), respectively, the H-L statistics were 72.5 (p Ͻ 0.0001) and 32.6 (p ϭ 0.0001), respectively, and the model 2 test values were p Ͻ 0.0001 and p Ͻ 0.0001, respectively, for the SAPS-II and MPM-0 equations. The impact of membership in the various BMI groups is listed in Table  3 . An increase in the risk of dependency status in the underweight group and a decrease in the risk of dependency status in the overweight group for both the SAPS-II and MPM-0 cohorts and in the obese group (MPM-0 only) were seen.
Discussion
We analyzed a large cohort of critically ill patients for the impact of BMI on outcomes following ICU admission. Our only exclusion criterion was missing BMI or severity score data, making the group relatively unselected, although the excluded patients did show some differences in gender, hospital mortality, and hospital LOS (Table 1) . This raises the concern that the approximately one third of patients excluded from the analysis because of missing data may be different than the analyzed cohort.
The most important effects of BMI on the measured outcomes were seen in the underweight group (BMI, Ͻ 20 kg/m 2 ). An increased OR for mortality was seen in both the SAPS-II and MPM-0 cohorts. As well, survivors in this group were significantly less likely to return to their hospital preadmission functional status. Interestingly, in a univariate analysis according to type of admission, increased mortality was seen in the underweight patients in the medical and emergent surgical groups, but not in the elective surgical group (data not shown). Care must be taken in interpreting these findings, as we did not control for recent weight loss or underlying chronic illness such as cancer, which may independently influence outcomes. Nevertheless, this is consistent with previous reports concerning hospitalized patients, 11, 12 as well as concerning patients with pneumonia, 6 those needing hemodialysis, 9 those with HIV, 10 and those who have undergone heart transplantation. 8 Population studies 1,3 also suggest increased mortality in low-BMI subgroups.
Despite our large sample size, we did not identify increased mortality in the overweight, obese, or severely obese patient groups. In fact, the overweight group in the MPM-0 cohort showed decreased mortality, and both the overweight and obese groups showed improved functional status at hospital discharge. While this seems to contradict data from population-based studies 1, 3 and diseasespecific studies, 4,5 as well as general assumptions in the critical care literature, 17, 18 it is consistent with prior data from studies of hospitalized patients. 11, 12 This does not exclude the possibility of increased complication rates in obese patients, but it may be that other factors such as nutritional reserve play a beneficial compensatory role in these patients. This may explain the higher LOS seen in the severely obese patients. Of course, our study does not analyze the risk of obese patients initially developing an illness requiring ICU admission, but only their outcome once it has developed. Some authors have suggested that obesity may confer a greater risk only in younger hospitalized patients, 12 although the negative effects of high BMI have been demonstrated across all age groups in population studies, 7 even if the risk does decrease with age in some reports. 19 The lack of increased mortality in obese and severely obese patients in our study persisted even when patients who were Ͼ 65 years of age and those who were Ͻ 65 years of age were analyzed separately (data not shown).
Increased ICU LOS and hospital LOS were seen in the severely obese group and to a lesser degree in the underweight group. Given the lack of increased mortality in the severely obese group, this increased LOS may be attributed to prolonged recovery from illness (eg, prolonged weaning) or to the increased incidence of nonfatal complications. Unfortunately, our study was not designed to detect these factors. Further study of these issues is warranted.
We know of three studies, which are in abstract form, that have attempted to examine the relationship of BMI to ICU outcomes in a univariate fashion. The first study 20 was negative (ie, no outcome differences between BMI groups) but also was underpowered to detect the magnitude of differences seen in the current analysis. The second study 21 2 with 132 agedmatched, nonobese control subjects and found increased mortality (30% vs 17.5%, respectively) in the obese group. Although APACHE (acute physiology and chronic health evaluation) II scores were similar in this univariate analysis, the obese group was much more likely to be receiving mechanical ventilation, suggesting that other factors were involved in their poorer outcomes. Clearly, these contradictory results are due to the different patient populations studied and the methodological approaches of the analyses. We think that the large sample size drawn from multiple institutions combined with a more rigorous multivariate analysis make the data from the present study more reliable.
The accuracy of the data obtained for critically ill patients is a significant concern. Most ICU practitioners will acknowledge that weight and height data in the ICU are often estimated rather than measured. Body weight at the time of ICU admission also may be significantly different than a patient's normal body weight because of volume depletion or overload. This intrinsic imprecision of our data can be acknowledged only as a limitation of this and other studies on this topic. Recent changes in BMI also may play an important role in outcomes, but these data were not available for patients in our population.
Our original database query did not include data on specific diagnoses. This raises the concern that patients in different BMI groups had different types of diseases, possibly confounding the analysis. On the other hand, the severity-of-illness scores utilized in this study have been validated across a wide population of critically ill patients and represent an estimated mortality risk that is independent of the primary diagnosis.
Data analysis on such a large number of patients leads to the danger that type II errors may occur (ie, the finding of a significant difference by chance when there is in fact none). The use of statistical corrections for multiple analyses and the fact that all of our results are consistent with our initial hypothesis make this less likely. Other results with CIs including 1 were not described as being statistically significant despite similar absolute ORs to other comparisons to avoid type I errors. The raw data are nevertheless presented in table form for the reader to review. None of the results with borderline significance were in the opposite direction to other statistically significant results.
A final criticism of our data centers on the use of severity scores in multivariate analyses. The poor calibration of mortality prediction models when applied to a population different than the one on which the models were developed is well-known. 23, 24 This is represented in our data by the poor H-L statistics in the logistic regression analyses. Nevertheless, as we are not attempting to predict individual patient outcomes, but rather attempting to adjust for severity as best we can, we think that this is a minor issue.
Conclusion
In a retrospective analysis of a large multiinstitutional database of patients who had been admitted to ICUs, we found increased mortality in underweight patients but not in overweight, obese, or severely obese patients. LOSs in the ICU and hospital were increased in both the severely obese and underweight patient groups. Functional status at hospital discharge was impaired in underweight patients. Overweight and obese patients may have more favorable outcomes in terms of mortality and hospital discharge functional status. Further study is warranted to identify the specific explanations for the above differences. As well, the inclusion of BMIs in the development of severity scoring systems should be considered.
